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EUV resist and mask research
0.3-NA SEMATECH Berkeley MET
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Dose Calibration Tool
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OOB contrast curves CXR©®)

Selectable wavelength (193 nm, 248 nm)



Wafer throughput 2011 Q1-Q3
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MET user shifts
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Operations improvements

e 24/4 cycle
* 4 new operators hired and trained
* New user website met.Ibl.gov



2012 operations

e 1200 new resists tested Q1-Q3 2012
e 37% Increase Iin user shifts
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BMET S4800 2 OkV 2.2mm x1 50k 101 1/2011 17 56 300nm BMET- S4800 2. OkV 2 2mm X1 50k 10/1 1/2011 17 56

@16-nm JSR Micro B

E-size: 31 md/cm?

LER: 3.5-nm* CXRO@

FT: 30-nm
*High cutoff frequency == HP (ITRS spec) SEMATECH

BMET S4800 2. OkV 2 2mm x1 50k 10/1 1/2011 17:58
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20nm 19nm 18nm 17nm 16nm 15nm 14nm 13nm
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SEMATECH

20.7/4.8 19.6/6.,0

Courtesy of KY Cho, SEMATECH

FT: 30 nm FT, 35 nm, underlayers

21.1nm/4.2nm 19.9nm/4.5nm 18.3nm/4.8nm




2012 International Symposium on Extreme Ultraviolet Lithography

EUVL performances on LBNL-

~ HP 18nm | HP 17nm _ HP 15nm
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19.83 md/cm? 19.3 md/cm? 20.8 mJ/cm2

Resolution: 16 nm HP (15 nm HP @33mJ/cm?)

LWR: 3.2 nm (2.2nm LER)
Sensitivity: 19 mJd/cm?

Z-factor: 3.8 x 10°°mJ nm?® (best to our knowledge) 13.9/4.0

October 1, 2012 FUJIFILM Corporation




2D patterning



Contact Bias

42b-25% 42b-207% 42b-15% 42b-107% 42b-5% 42b@% 42b5% 42b10% 42b15% 42b28% 42b25%
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Pseudo PSM 2D
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Field breakdown

Contact bias

Pseudo PSM
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OOB research



JSR EUV resist

Org. UL
Silicon

30nmCH image
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LBNL MET NAO.3, annular
*193nm
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JSR EUV resist JSR EUV resist

Org. UL Org. UL
Silicon Silicon

30nmCH image

LBNL MET NAO.3, annular
*193nm




JSREUVTC
JSR EUV resist JSR EUV resist JSR EUV resist

Org. UL Org. UL Org. UL
Silicon Silicon Silicon

30nmCH image
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LBNL MET NAO.3, annular
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Optical system

« Same capabilities as MET |

Facilities

e Track

 (Clean room

* Solvent develop

 Compatible with a robotic upgrade



2012 ... a year of progress

1200 new resists tested Q1-Q3 2012
e 37% Increase in user shifts

e Demonstration of 20 nm HP contacts
 Demonstration of OOB suppression
e Several resist suppliers @ 16 nm HP
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Four new operators

Jessalyn Sincher Mark Binenbaum
Tool Operator Tool Operator

Gayan Pothuhera Lorie Mae Baclea-An
Sample Processing Technician Sample Processing Technician

Gideon Jones
Tool Operator
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Wafer throughput - 2011 Q1-Q3

o 2012 Q1-Q3
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2012 @16-nm

E-size: 15 md/cm?
LER: 5.3-nm*
FT: 30-nm

*High cutoff frequency == HP (ITRS spec)



2012 @16-nm 2011 @16-nm

E-size: 15 md/cm? VS E-size: 31 md/cm?
LER: 5.3-nm* . LER: 3.5-nm*
FT: 30-nm FT: 30-nm

*High cutoff frequency == HP (ITRS spec) *High cutoff frequency == HP (ITRS spec)



5.3/sqrt(2) = 3.7

2012 @16-nm 2011 @16-nm

E-size: 15 md/cm? VS E-size: 31 md/cm?
LER: 5.3-nm* . LER: 3.5-nm*
FT: 30-nm FT: 30-nm

*High cutoff frequency == HP (ITRS spec) *High cutoff frequency == HP (ITRS spec)
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20nm 19nm 18nm 17nm 16nm 15nm 14nm 13nm
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20.7/4. 19.3 md/cm? 19.3 mJ/cm?2 20.8 md/cm?

Resolution: 16 nm HP (15 nm HP @33mJ/cm?)

21.1nm/44  LWR: 3.2 nm (2.2nm LER)
Sensitivity: 19 mJ/cm?

Z-factor: 3.8 x 10° mJ nm? (best to our knowledge) 13 ._9/51.%0______
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20nm 19nm 18nm 17nm 16nm 15nm 14nm 13nm
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SEMATECH

20.7/4.8 19.6/6.,0

Courtesy of KY Cho, SEMATECH

FT: 30 nm FT, 35 nm, underlayers

21.1nm/4.2nm 19.9nm/4.5nm 18.3nm/4.8nm
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EUVL performances on LBNL-
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19.83 md/cm? 19.3 md/cm? 20.8 mJ/cm2

Resolution: 16 nm HP (15 nm HP @33mJ/cm?)

LWR: 3.2 nm (2.2nm LER)
Sensitivity: 19 mJd/cm?

Z-factor: 3.8 x 10°°mJ nm?® (best to our knowledge) 13.9/4.0
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Pseudo phase-shift-mask















